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@ Mettiod and apparatus for fabricating bichromal balla for a twisting ball display. 



\ A method of fonming bichromal balls (10), 
includes providing a laminar flow stream (36) of 
host liqutd. bringing together two streams 
(26^8) of differently colored hardenable liquids 
for forming a single bichnxnal stream (40), 
introducing the single bichromal stream (40) 
substahtiaily into the center of the stream (36) 
of host liquid, transporting the bichromal 
stream (40) at substantiatly the same velocity as 
the stream (36) of host liquid, wherein the for- 
w&tfd end of the bichromal stream (40) becomes 
unstable and breaks up into droplets which 
form into spherical balls (10) as they are moved 
by the host liquid, curing the balls (10) so that 
they harc/en. and separating the balls (10) firom 
the host liquid. 




Fig. 3 



CO 
CM 



a. 

LU 



Jouve, 18. me Saint-Dents, 75001 PARIS 



1 



EP 0 540 281 A2 



2 



The present invention relates to a method and 
apparatus for forming bichromal balls and more par- 
ticularly, but not exclusively^ to the fabrication of 
small balls, about 5 to 200 microns in diameter, having 
hemispheres of contrasting colors for use in an "elec- 5 
trie paper* display sheet 

A display sheet and display system is disclosed 
in European Patent Application No. 903121 28.3 (Pub- 
lication No. 0 427 507). Displays are also disdosed in 
U.S. Patents Nos. 4.126.854 and 4.143.103 and an ;o 
article co-authored by me entitled The Gyricon - A 
Twisting Ball Display*, published in the Proceedings 
of the S.I.D.. Vol. 18/3&4. Third and Fourth Quarters 
1977. 

The display device, in sheet form, as described in rs 
the above European patent application comprises a 
thin transparent sheet having many of the attritnjtes 
of paper documents, it looks like paper, has ambient 
light valve behavior like paper (i.e. the brighter the 
ambient light, the more easily it may be seen), is flex- 20 
ible like paper, can be carried around like paper, can 
be written on like paper, can be copied tike paper, and 
has nearly the archival memory of paper. It is also 
possible to form the display device as a rigid structure 
incorporating an array of addressing electrodes. In 25 
both embodiments, the salient features are an etas- 
tomeric host layer a few mils thick which is heavly 
loaded with balls tens of microns in diameter. Each bi- 
chromal ball has hemispheres of contrasting colors, 
such as a white half and a black half, and is contained 30 
in its own spherical cavity filled with a dielectric liquM. 
Upon application of an electrical fiekl between elec- 
trodes located on opposite surfaces of the host layer, 
the balls will rotate depending on the polarity of the 
field, presenting one or the other hemisphere to an 35 
observer. 

In the above-identified article* there is disclosed 
a method for fabricating bichromal balls. First mono- 
chromatic glass balls are formed, heavily loaded with 
titanium dioxide so as to appear white. These are de- 40 
posited in a monolayer upon a substrate. Then the 
balls are coated frxm one direction in a vacuum evap- 
oration chamber with a dense layer of nonconductive 
black material which coats one hemtsphera. 

As illustrated in Rgure la bichromal bails 10 are 45 
loaded in liquid filled cavities 12 in a host matrix 14. 
Both the iiquid 16 surrounding the bails and the balls 
themselves are dielectric. Therefore, although the 
balls are macroscopically electrically neutral, on a mi- 
croscopic scale they have an electrical double layer so 
comprising two layers of charges of opposite sign (as 
shown). One charge layer is localized at the surface 
of the ball and the other charge layer is in the nature 
of a space charge extending outward from the surface 
of the ball into the dielectric liquid. The measurable 55 
aspect of the electrical double layer, known as the 
zeta potential, is the net surface and volume charge 
that lies within a shear surface associated with the 



motion of the bail through the liquid. For a given liq- 
uid, the zeta potential is a function only of the ball sur- 
face material. Thus, the material properties which 
give rise to differences associated with the color or 
reflectivity of each hemisphere 18 and 20 give rise to 
different characteristic zeta potentials with respect to 
the dielectric liquid 16 in the cavity 1 2. It is the differ- 
ence in zeta potential between the hem^pheres of 
the ball which causes the ball to act like a dipole in the 
presence of an electrical field, as illustrated in Figure 
1 b. The ball 1 0 will rotate, until its dipole moment lines 
up with the direction of the electrical field established 
between opposed electrodes 22 and 24. 

In addition to the dipole charge distribution found 
on the bichromal ball in the presence of an electrical 
field there is also a monopole charge which is the net 
electrical charge. It is quite unlikely that the two hemi- 
spheres 18 and 20 having zeta potentials of opposite, 
polarity will have the same magnitude. However, if 
that is the case, a nr>onopole charge will not be estab- 
lished. As a result of the monopole charge, the ball 10 
is caused to translate in the direction of the electrical 
field and will rest and be retained against the cavity 
wall, as ilustrated in Figure 2. In order for the ball to 
rotate easily in the liqukl within the cavity, due to the 
dipole charge, it must move firom contact wit h the cav- 
ity wall. When at rest against the cavity wall, friction 
and other forces wll prevent it finom rotating until it has 
been moved away once again, due to the nfX)nopole 
charge. It is this feature which enables long term im- 
age retention in this display device. 

It is an object of the present inventk)n to provide 
a simplified method for forming and curing bichromal 
balls having dianDeters, by way of example, in the tens 
of microns. 

The present invention may be carried out. in one 
form, by providing a method of forming bichromal 
balls, including the steps of providing a laminar flow 
stream of host Ik^uid. bringing together two streams of 
differently colored hardenable tiqukjs for forming a 
single bictvomal stream, introducing the single bi- 
chromal stream substantially into the center of the 
stream 61 host liqukl, transporting the bichromal 
stream at substantially the same velocity as the 
stream of host liquid, wherein the forward end of the 
bichromal stream becomes unstable and breaks up 
into droplets which form into spherical balls as they 
are moved by the host liqukl. curing the balls so that 
they harden, and separating the balls from the ho^ 
liquid. 

A further aspect of the present invention is the 
provision of an apparatus for forming the bichromal 
balls would comprise a housing through which a host 
liquid is moved, nrteans for introducing two streams of 
differently colored hardenable liqukls into substan- 
tially the center of the host Ik^uid as a single bichromal 
stream whereby, as the bichromal stream is moved by 
the host liqukJ. the forward end of the bichromal 
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stream becomes unstable and breaks up into droplets 
which form into spherical balls which continue to be 
moved by the host liquid, means for curing the balls 
so that they harden, and means for separating the 
bails from the host liquid. 5 

The present invention will be described further, 
by way of example, with reference to the accompany- 
ing drawings, in which:- 

Figure la is schematic representation of an elec- 
trical double layer associated with each ball hemi* io 
sphere within a dielectric liquid filled cavity, be- 
fore the application of an electrical field, 
Figure 1 b is schematic representation of an elec- 
trical double layer associated with each ball hemi- 
sphere within a dielectric liquid filled cavity after 15 
the application of an electrical field causes the 
ball to rotate. 

Figure 2 is schematic representation of rotation 
and translation of the bichromal ball within its 
cavity, 20 
Figure 3 is a schematic view of the two differently 
colored streams of hardenable liquid being 
brought together to form a bichromal stream 
which breaks up Into bichromal balls. 
Figure 4 Is a schematic view of a drift chamber for 25 
fabricating bichromal balls. 
Figure 5 is a schematic sectional view of a rotat- 
ing nozzle for dispersing the balls within the drift 
chamber. 

Figure 6 is a schematic view of a simplified fabri- 30 
cation apparatus. 

Figures 7a and 7b Illustrate two preferred forms 
of the double nozzle structure. 
Figure 8 illustrates how very small balls may be 
made, 39 
Figures 9a and 9b Illustrate two forms of sheet 
jets for increasing the ball generation output 
Figures 10a and 10b illustrate a cylindrical sheet 
jet generator, and Figures 11a and lib illustrate 
two fornta of annular channel design for prevent- 40 
ing lateral ball drift 

Turning to Figure 3 there is ilustrated the gener- 
alized form of the fabrication apparatus for making 
small, pigmented (or dyed) balls 10 that have hemi- 
spheres 18 and 20 of two different colors. Two fine 45 
streams 26 and 28 of a hardenable liquid material are 
pumped through itubing 30 and 32 whose ends are 
bent to form a double nozzle 34 which brings together 
the two fine streams at a location dose to the center 
of a larger stream 36 of host Ik^uid, pumped through so 
channel 38. The hardenable liquid material may be a 
thermosetting or a photosetting material, such as an 
epoxy resin, which in its Ik^uid state is flowable 
through the fine tubing 30 and 32 and which is cur- 
able into a solkl state upon the application of suitable 55 
energy. As the hardenable lk)uid emerges firom the 
double nozzle 34, it quickly acquires the circular cross 
section of a single combined jet 40, half one color and 



half the other. Because this jet is highly unstable as 
it flows within the stream 36 of host liquid, its forward 
end will shortly break up into a train of droplets of uni- 
formly sized bichromal spheres 10, whose diameters 
are equal to approximately twice the diameter of the 
stream 40. The size and uniformity of these balls may 
be controlled by varying the velocity of the stream 36 
and by introducing a regular vibrational mechanical 
energy to! he single combined jet 40. This may be ac- 
complished by applying to the tubing 30 and 32 an 
acoustical frequency of about 1 kHz by nr^eans of a 
transducer, such as a quartz or other piezoelectric 
crystal. 

Example 

In a test set-up for Investigating this fabrication 
process, fine tubes 30 and 32 were constructed of 
#27 stainless steel tubing having an inner diameter of 
0.2032 cms <0.008 inches) and an outer diameter of 
0.4064 cms (0.016 inches), converging adjacent the 
center of a transparent fused quartz (for ease of ob- 
servation of the process) channel 38 having an inner 
diameter of 0.1905 cms (0.075 inches). The host tiq- 
ukJ flowing through the channel 38 was Ftuorinert 
FC-709. made by the 3M Company of St Paul. MN. 
It was maintained at room temperature, had a kine- 
matic viscosity of 13.4. a density of 1.94 grams/cc, 
and was pumped at a velocity of 25 cm/sec. The hard- 
enat)le liquid of the fine streams 26 and 28 was a 
clear two-component epoxy, EPO-TEK9 301-2, 
made by Epoxy Technology Inc. of Billerica. MA, 
which included 35% (by weight) of a curing agent. An 
additional 12% (by weight) of an accelerating curing 
agent nan^ely, RF91® nr^de by Resin Formulators 
Co. of Culver City, CA was added for enhandng its 
rapkl curing. One of the fine streams was pigmented 
white with the addition of titanium dioxide to the 
epoxy, at about 80% of the epoxy resin by weight The 
other stream was pigmented black with the addition 
of carbon black to the epoxy, at about 10% of the 
epoxy resin by weight 

In Rgure 4 there is illustrated a system for pro- 
ducing and collecting bichromal balls. A vertical drift 
chamber 42 contains the host liqukl which is pumped 
into the lower end of the drift chamber through chan- 
nel 38. At a generatton region 43. double nozzle 34 in- 
troduces a fine bichromal stream 40 of hardenable liq- 
ukj into the larger stream 36 of host lk)uid. The fine 
bichromal stream breaks up into bichromal balls 10 
which drift vertically upwardly within the moving 
stream erf host liquid, centrally located in the drift 
chamber 42. The bails first pass through a heating re- 
gksn 44 provkjed with a heating coil 46 for maintaining 
the host Ik^uid at about 150*^ so as to curs and hard- 
en the balls, then pass through a cooling regton 48 
provkled with a cooling coil 50 for maintaining the 
host Ik^uid at about 1 5«C. At the top of the drift chanv 
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ber 42 there is an extraction region 52 where the balls 
and the entraining host liquid are renrioved from the 
chamber through a conduit 54. From there, the balls 
may be filtered out of the liquid and the liquid may be 
returned to the channel 38. 5 

The hardenabte liquid of which the balls are fab- 
ricated must have a low enough viscosity to freely 
pass through the fine tubing 30/32 and must cure rap- 
idly at the cure temperature. The host liquid should 
have a higher specific gravity than the hardenable liq- io 
uid In order to allow the balls to float therein, should 
be quite inert to the uncured hardenabte liquid, and be 
able to sustain the high processing temperature. 

We have found that as the rapidly flowing host liq- 
uid carries the balls 10 into the bottom of the drift is 
chamber 42, disturbances may be introduced into the 
column of host liquid, which may cause turtnilence 
that will, in turn, cause the uncured balls to collide 
with one another and with the watts of the chamber, 
t hua destroying their integrity. The deleterious effects 20 
of this turbulence can be minimized by introducing the 
hardenable balls into the drift chamber 42 in a spiral 
pdth. as shown in the embodiment of Figure 5. there- 
by causing the baits to be separated and lessening 
their tendency to collide. The balls are formed in the 29 
channel 38 having at its upper end a rotatable nozzle 
56 with an exit channel 58 inclined at an angle relative 
to the central axis of the drift chamber 42. The rotat- 
able nozzle 56 includes a rotatable mandrel 60. seat- 
ed atop and movable relative to the channel 38, which 30 
is mounted in a support sleeve 62 within the chamber 
42. via a suitable bearing 64. A drive shaft 66 with a 
bevel gear 68 at its end couples with a bevel gear 70 
encircling the mandrel 60 for imparting nnotion to it 

While the drift tube embodiment is acceptable fbr 35 
research purpose, we have developed a mom pro- 
ductive process. We have ot>sefved that the balls will 
remain entrained in the center of a channel of rapidly 
moving host liquid undergoing laminar flow, when 
batts are introduced into the center of the channel and 40 
the host liquid has a density roughly comparable to 
that of the balls. It is wefl known that liquid undergoing 
laminar flow in a tutxilar channel moves fastest in the 
center of the channel. It is believed that the balls will 
tend to stay in the fastest moving portion of the 45 
stream because as they drift radially outwardly into a 
slower region, tha^part of the ball in the slower region 
will experience a higher pressure than that part of the 
ball in the faster region and the ball win be returned 
to the center of the channel. By maintaining the prop- 50 
er liquid velocity the balls will remain in the center of 
the channel, even through very snr»ll radius bends. 

The embodiment of Figure 6 relies upon this phe- 
noiranon. It represents a greatly simplified construc- 
tion as compared to the drift chamber embodiment of 55 
Figure 5, and elimtnates the difficult hydrodynamic 
transition as the host liquid in the channel 38 merges 
with the host liquid in the drift chamber 42. The balls 



10 are formed in a generation region 72 and trans- 
ported for further processing within a single elongat- 
ed tube 74. having an inner dianneter of about 0.1905 
cms (0.075 inches), which may be bent to foilow the 
most desirable processing paths. As in the previously 
described embodiment the bichron^ balls are gen- 
erated from a bichromal jet 40 formed by the intersec- 
tion of two fine streams of hardenabte liquid intro- 
duced tothe center of the flowing hostltquid. The host 
liquid nrwves the central stream of balls to a curing re- 
gion 76 where the tubing 72 may be in the form of a 
coil 78, acted upon by a source of energy, indicated 
by arrows 80 directed at the tubing. 

The coied tubing 78 may be heated by. for exam- 
ple, being immersed in a thermal bath at about 
ISO^'C. Alternatively, the hardenable liquid may be of 
the class of light cured materials which may be cured 
by means of an ultraviolet light source. In such a case, 
the tubing would be made of quartz or other material 
that is transparent to ultraviolet light Application of a 
high frequency alternating field, in the region of 
1 3MHz, to the dielectric hardenable liquid will heat it 
by molecular friction. Yet another radiation source fbr 
curing the hardenable liquid could be microwave elec- 
tromagnetic radiation. With the addition of carton. 
Iron or ferrite particles (or other nnaterial absorbent of 
microwave radiation) to the hmJenable liquid epoxy 
or to the pigments dispersed therein, the curing radi- 
ation could be administered via a microwave source. 
It would also be possible to add a curing agent to the 
host liquid, such that in travelling through the coSed 
section sufficient curing agent would diffuse into the 
baits to cure them. 

Subsequent to curing, the balls continue through 
the tut>e into an extraction region 82 which may com- 
prise a chamber 84 containing a screen 86. or other 
filtration member, that would remove the balls from 
the host liquid. The liquid, depleted of balls, would 
then be recirculated by a pt^ 88 and once again 
pass to the generation region. This is a very effective 
and inexpensive continuous process. Periodically, 
the chamber 84 would be opened and the balls re- 
moved for being deposited into the display matrix. 

In general, for consistentty generating spherical 
balls, parabolic (laminar) flow of the host liquid should 
be maintained in the t>all transport section of ^ongat- 
ed tubing 74. It is believed that toroidal or turbulent 
flow should be avoided. To this end, we have found 
that the following considerations apply: 

A. The tubing should be designed to be smooth 
and continuous. Of particular concern are the 
joints where two lengths of tubing are abutted. At 
these locations the inner diameters must be the 
same so that the internal walls run smoothly to- 
gether. Care should be taken to minimize gaps at 
these joints. 

B. Bends in the tubing should be smooth and not 
sharp. 
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C. If it is necessary to decrease the tube diame- 
ter, this must t>e accomplished by means of a 
smooth tapering of the tube walls over a distance 
large as compared to the smallest internal tube 
diameter. 5 
0. Increases in tube diameter should be avoided 
if at all possible. However, small Increases may 
be acceptable if the change is by means of a ta- 
per that is very long with respect to the internal 
diameter of the larger section. io 
E. Pumping nmjst be smooth and steady. 
Two embodiments of the preferred form of the 
double nozzle structure are illustrated in Figures 7a 
and 7b. In each, the adjacentwall of each tube 30 and 
32 is thinned and soldered together so as to allow the i5 
streams of hardenabte liquid to smoothly flow togeth- 
er into a rod-like bichromal stream. In Figure 7a the 
streanrks combine before exiting the double nozzle 34, 
while in Figure 7b the streams combine immediately 
after exiting the double nozzle. As the single com- 20 
bined bichromal stream 40 enters the faster flowing 
host liquid it will smoothly neck down to a circular 
cross-section fix)m which balls will be formed. By 
flowing the host liquid much faster than the harden- 
able liquid flowing out of the double nozzle (as indi- 25 
cated by the larger arrow 89 representing the flow 
rate), it is possible to generate balls that are a factor 
of ten or morB smialler than would be generated by 
flowing the liquids at about the same velocity (note 
Figure 8). In this way very small balls may be made 30 
with nozzle structures large enough to be easily fab- 
ricated. The following relationship applies: y^R^^ » 
^2^2^* where V,Ri are the velocity and radius of the 
single bichromal jet 40 emerging from the double noz- 
zle 34. and V2R2 ^re the velocity and radius of the sin- 35 
gle bichromal jet 40 moving with the velocity of the 
host liquki. 

We envision a ball ^brvcatton rate of about 
3.6x10^ balls/hour. An 8x10 inch sheet of dbplay ma- 
terial would require about 240x1 0* balls. If one mil 40 
balls are used, a single tube will generate enough 
balls to supply one square inch of display material in 
one hour. A practical manufacturing system will re- 
quire a multiplicity of generating tubes. 

One dinwnsional. rod-like jets 40 of bichromal 45 
hardenabte liquM material have been described. 
Sheet jets 90 ancf 92, as illustrated in Figure 9a and 
9b. are also known. These are jets of fluid that are 
more two dimensional, issuing from slit-like orifices. 
Like the one dimensional rod-like jets, the sheet jets so 
also are highly unstable so that their forward edge 
breaks up into droplets shortly after the sheets are 
created. Also. I9ce the one dimensional jets, it is to be 
expected that the sheet jet droplets will form into 
highly uniforrrdy sized spheres upon suitable excita- 55 
tion. Clearly, sheet jets will generate a much greater 
number of balls and provide a practk:al nianufacturing 
system. 



Planar sheet jets 90 have a strong tendency to 
contract at the lateral free edges, toward the center 
of the sheet due to surface tension effects. This con- 
traction causes a thickening of the jet at the sides 
which, upon breakup into droplets, results in larger 
ball diameters at the sides of the sheet Cylindrical 
sheet jet 92. having no lateral free surfaces, will con- 
tract uniformly, resulting in uniform bail diameters. 

In Figures 10a and 10b there is illustrated a cyl- 
indrical sheet jet generator 94. It should be under- 
stood that curing, cooling and separating elements 
will be required in order to complete the fabrication 
apparatus. Generator 94 comprises an inner cylindri- 
cal member 96 and a concentric outer cylindrical 
member 98 defining an annular channel 100 through 
which the host liquid flows. The stream of host liquid 
is smoothly diverted Into two cylindrical streams by an 
annular mandrel 102, within channel 100. and the two 
streams rejoin t>eyond the downstream tapered end 
1 04 of t he mandrel. Fine tubing 1 06 and 1 08 introduce 
different colored streams 110 aod 112 of hardenable 
liquid into cavities 114 and 116 between the liqukj 
streams and the tapered end 1 04 of the mandrel. The 
colored streams are emitted into the host liquid 
stream and form a bichronriat cylindrical sheet jet 92 
whose forward edge 118 breaks up into bichromal 
balls 10. Contraction of the bichromal cylindrical 
sheet jet is essentially eliminated by the host liqukl 
trapped between it and the inner cylindrical member 
96. The balls will be carried aksng the annular channel 
100 and will be centered therein. 

There appears to be no forces tending to maintain 
perimeter stability of the balls in the cylindrical flow. 
Therefore, they may drift into contact with one an- - 
other and stick together. Should this be a problem, 
stabilizing ribs 120 may be placed within the annular 
channel 100, on one of the cylindrical members 96 or 
98. as Olustrated in Rgure 11a, for creating hydrody- 
nanrtic conditions that would adequately isolate the 
balls. If it is found that ribs 120 are insufficient to pre- 
vent lateral drifting of the balls, then the annular 
channel 100 could be ftjRy divided into separate chan- 
nels by wails 122, as aiustrated in Figure lib. 

A practical cylindrical sheet jet generator 94 could 
have a sheet jet diameter of 25.4 cms (10 inches) and 
produce 1 mil diameter bichron^al balls. A devk:e of 
such constructton could yiekj a ball generation rate of 
approximately 60 billon balls per hour which would be 
sufficient to fabricate about 200 display sheets per 
hour, each measuring 20.32 cm x 25.4 cm (8x1 0 inch). 

It should be understood that numerous changes 
in details of constructton and the combination and ar- 
rangement of elements and materials may be resort- 
ed to without departing from the scope of the inven- 
tion as hereinafter claimed. 
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Claims 

1 . A method of forming bichromal balls (1 0). charac- 
terised by 

providing a laminar flow stream (36) of 
host liquid, 

~ bringing together two streams (26.28) of 
differently colored hardenable liquids for forming 
a single bichromal stream, 

introducing said single bichromal stream 
(40) substantially into the center of said stream 
(36) of host liquid, 

transporting said bichromal stream (40) at 
substantially the same velocity as said stream 
(36) of host liquid, wherein the forward end of 
said bichromal stream (40) becomes unstable 
and breaks up into dr6plets which form into sphe- 
rical balls (1 0) as they are moved by said host liq- 
uid, 

curing said balls (10) so that they harden, 
and separating said balls (10) from said host liq- 
uid. 

2. A method of forming bichromal balls as defined 
in claim , characterised in that said step of form- 
ing a single bichromal stream (40) produces eith- 
er a rod-lice stream or a sheet-tike stream. 

3. A method of forming bichromal balls as defined 
in daim 2, characterised in that said step of fornv 
ing a sheet-like stream produces either a planar 
stream or a cylindrical stream. 

4. A method of forming bichromal balls as defined 
in any one of claims 1 to 3, characterised in that 
said hardenable liquid comprises a two compo- 
nent epoxy resin and said step of curing compris- 
es applying thermal energy to said epoxy resin 
and/or applying radiative energy to sakl epoxy 
resin. 



for separating said balls (10) from said host liquid. 

6. An apparatus for forming bichromal balls as de- 
fined in claim 5. characterised in that said input 

5 means for introducing comprises a nozzle (34) for 

bringing together said streams (26,28) of differ- 
ently colored hardenable liqukjs and dispensing 
said streams as either a single rod-like bichromal 
stream (40) or as a single sheet-like bichromal 

10 stream. 

7. An apparatus for forming bichromal balls as de- 
fined in claim 6, characterised in that sakj sheet- 
like bichromal stream (40) is planar or cylindrical. 

15 

8. An apparatus for forming bichromal balls as de- 
fined in claims 5, 6 or 7. characterised in that sakJ 
host liquid is moved in a laminar flow stream (36) 
and said bichromal stream (40) is introduced sub- 

20 stantially into the center of sakl laminar flow 
stream (36). 

9. An apparatus for forming bichromal balls as de- 
fined in any one of daims 5 to 8, characterised in 

25 that said hardenable liquid is a thermosetting or 
photosetting material and said curing meant for 
curing comprises a source of thermal energy or 
a source of actinic energy. 

30 10. An apparatus for forming bichromal balls as de- 
fined In any one of daims 5 to 9, characterised in 
that said hardenable liquid comprises a two com- 
ponent epoxy resin. 

35 11. An apparatus for forming bichromal balls as de- 
fined in any one of daims 5 to 10, characterised 
by rectrculatory means for recirculating said host 
liquid after said balls (10) are separated there- 
from. 

40 



5* Apparatus for forming bichromal bale (10), char- 
acterised by 

means for defining a channel (38) through 
which a host liquid is moved, 45 

means for nwving said host Ikiuid through 
sakJ channel (38), 

input meana (34) for introdudng two 
streams (26,28) of differently colored hardenable 
liquids into sakl nx)ving host liquid as a single t)i- so 
chroma! stream (40), whereby as said bichromal 
stream (40) is moved by sakl host liquid, the for* 
ward end of sakl bichromal stream (40) becomes 
unstat)le and breaks up into droplets which form 
into spherical baits (10) which are continued to be 55 
moved by said host liquid. 

curing means (76) for curing said balls (10) 
so that they harden, and separating means (86) 
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